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^j© Exhaust gas treating apparatus. 

<o 

An exhaust gas treating apparatus for treating 
GO nitrogen oxides and/or sulfur oxides contained in 
to exhaust gas by the use of a glow-discharge plasma. 
CO The apparatus comprises a cylindrical reaction ves- 
^sel both ends of which are open and which is made 
Oof an electrical insulator, a plurality of porous elec- 
A trodes provided inside the reaction vessel in such a 
m manner that the planes of the electrodes extend 
substantially perpendicular to the axis of the reaction 
vessel, a porous dielectric member installed between 


each pair of adjacent porous electrodes with a pre- 
determined space provided between the same and 
one of the two electrodes, a power supply for apply- 
ing a voltage for glow discharge to the porous elec- 
trodes, and an ammonia supply means connected to 
an inlet pipe of the reaction vessel. Thus, it is 
possible to treat a large amount of exhaust gas 
without a lowering in the rate of removal of nitrogen 
oxides and/or sulfur oxides. Also the present inven- 
tion provides modified apparatuses with the reaction 
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vessels, the electrical insulators, the electrodes 
which are also possible to treat a large amount of 
exhaust gas without lowering the rate of removal of 
nitrogen oxides and/or sulfur oxides. 
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EXHAUST GAS TREATING APPATATUS 


BACKGROUND OF THE INVENTION 


1 . Field of the Invention 

The present invention relates an apparatus for 
denitrating and/or desulfurizing exhaust gas dis- 
charged from boilers for power plants, diesel en- 
gines, gas turbines, various kinds of combustion 
furnaces, etc. by utilization of a glow-discharge 
plasma. 


2. Description of Related Art 

Figs. 32 and 33 show the arrangement of a 
typical conventional exhaust gas treating apparatus 
that employs a glow-discharge plasma. The prior 
art will next be explained by way of an example in 
which NO x in exhaust gas from a diesel engine is 
treated by the illustrated apparatus. 

Referring to Fig. 32, exhaust gas from a diesel 
engine 01 is introduced into a plasma reaction 
vessel 05 through an exhaust pipe 02 via an ex- 
haust pipe 04 of a cyclone collector 03. As shown 
in Figs. 33(a) and 33(b) in detail, the plasma reac- 
tion vessel 05 has an internal electrode 010 dis- 
posed inside a cylindrical glass reaction vessel 09, 
an external electrode 011 disposed outside the 
reaction vessel 09, and a power supply 06 for 
applying a glow-discharge voltage between the in- 
ternal and external electrodes 010 and 011. The 
exhaust gas introduced into the plasma reaction 
vessel 05 is formed into a plasma in the glow- 
discharge region to remove NO K from the exhaust 
gas on the basis of the following principle. Namely, 
when a voltage is applied between the internal and 
external electrodes 010 and 011 by the use of the 
power supply 06, the exhaust gas is formed into a 
plasma by the atmospheric-pressure glow-dis- 
charge phenomenon. For example, NO x causes the 
following chemical reactions: 
2N0 2 — 2NO + 0 2 (1) 
2NO + 0 2 ~~ N 2 + 20 2 (2) 

It should be noted that the plasma is an ionized 
gas mixture of excited molecules, excited atoms, 
free radicals, ions and neutral particles which is 
generated by collision of high-energy electrons ac- 
celerated by an external electric field with gas 
molecules. In the above-described formulae (1) and 
(2), it is considered that NO x which are given an 
energy of from several eV to several tens of eV 
changes into chemically active species and cause 
complicated reactions to become N 2 and 0 2 . 

If the exhaust gas from an engine is formed 


into a plasma by utilization of the atmospheric- 
pressure glow-discharge phenomenon as described 
above to treat, for example, NO and N0 2 . it is 
possible to attain an NO x removal rate of 80 to 

5 90% when the concentration of (NO + N0 2 ) is in 
the range of from about 50 to 200ppm, the flow 
rate of exhaust gas is in the range of from about 30 
to 60t/min and the plasma generating power, that 
is, the power supplied from the power supply 06, is 

70 in the range of several W to several tens of W. 

Accordingly, the above-described apparatus 
has heretofore been utilized as being a public 
nuisance countermeasure for apparatuses accom- 
panied with various kinds of combustion, for exam- 

15 pie, boilers, gas turbines and diesel engines. 

However, since the above-described prior art 
utilizes a glow-discharge plasma reaction chamber 
which is arranged such that the exhaust gas axially 
moves through the area defined between a rod- 

20 shaped internal electrode and a cylindrical external 
electrode with a cylindrical glass vessel interposed 
therebetween, the amount of exhaust gas treated is 
limited by the cross-sectional area between the 
internal and external electrodes, that is, the spacing 

25 between the two electrodes. Therefore, the prior art 
has the following problems: 

(1) If the flow rate of exhaust gas is in- 
creased higher than about 30 to 60t/min, no glow- 
discharge plasma is generated, so that NO x or the 

30 like cannot be removed. 

(2) If the size of the electrodes is increased 
in the direction of flow of the exhaust gas, the 
effectiveness of removal of NO x or the like lowers 
markedly. 

35 (3) Due to the above-described reasons (1) 

and (2) t it is impossible with the prior art to realize 
several hundred to several hundred thousand t/min 
class, large-capacity, exhaust gas apparatuses. 
Therefore, the industrial value of the prior art is 

40 lOW. 


SUMMARY OF THE INVENTION 

45 In view of the above-described circumstances, 

it is a primary object of the present invention to 
provide an exhaust gas treating apparatus for treat- 
ing an exhaust gas containing nitrogen oxides 
and/or sulfur oxides by means of a glow-discharge 

so plasma which is capable of removing nitrogen ox- 
ides and/or sulfur oxides at high rate even if the 
flow rate of exhaust gas is relatively high. 

To this end, the present invention provides the 
following means: 

(a) The present invention provides an exhaust 
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gas treating apparatus for making nitrogen oxides 
and/or sulfur oxides contained in exhaust gas 
harmless by the use of a glow-discharge plasma, 
comprising: a cylindrical reaction vessel both ends 
of which are open and which is made of an elec- 
trical insulator; a plurality of porous electrodes pro- 
vided inside the reaction vessel in such a manner 
that the planes of the electrodes extend substan- 
tially perpendicular to the axis of the reaction ves- 
sel; a porous dielectric member installed between 
each pair of adjacent porous electrodes with a 
predetermined space provided between the same 
and one of the two electrodes; a power supply for 
applying a- voltage for glow discharge to the porous 
electrodes; and an ammonia supply means con- 
nected to an inlet pipe of the reaction vessel. 

b) In addition, the present invention provides 
an exhaust gas treating apparatus that utilizes a 
glow discharge plasma, comprising: a plurality of 
flat plate electrodes and a plurality of sawtooth 
electrodes each constituted by a flat plate with 
corrugated surfaces, the flat plate and sawtooth 
electrodes being disposed alternately and parallel 
to each other; and a power supply connected to 
the flat plate and sawtooth electrodes; wherein a 
fluid which is to be treated is arranged to flow 
between each pair of adjacent flat plate and 
sawtooth electrodes, preferably in a direction per- 
pendicular to the edges of the crests of the cor- 
rugations formed on the sawtooth electrodes. 

(c) In addition, the present invention provides 
an exhaust gas treating apparatus having the 
above-described flat plate and sawtooth electrodes, 
further including a flate plate made of a dielectric 
material which is disposed between each pair of 
adjacent sawtooth and flat plate electrodes and in 
contact with the flat plate electrode. 

(d) In addition, the present invention provides 
an exhaust gas treating apparatus having the 
above-described flat plate and sawtooth electrodes, 
wherein there are provided a plurality of flat plate 
electrodes each sandwiched between flat dielectric 
plates and a plurality of sawtooth electrodes each 
constituted by a flat plate with corrugated surfaces, 
the flat plate and sawtooth electrodes being al- 
ternately disposed; a voltage is applied between 
the flat plate and sawtooth electrodes; and a fluid 
which is to be treated is arranged to flow between 
each pair of adjacent flat plate and sawtooth elec- 
trodes. 

(e) In addition, the present invention provides 
an exhaust gas treating apparatus for treating nitro- 
gen oxides and/or sulfur oxides contained in ex- 
haust gas by the use of a glow-discharge plasma, 
comprising; a cylindrical reaction vessel both ends 
of which are closed and which is made of a dielec- 
tric material, the reaction vessel having openings 
provided in the side wall; a cylindrical internal 
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electrode coaxially extending through the reaction 
vessel and having a plurality of bores provided in 
the peripheral wall, the internal electrode being 
supplied with exhaust gas mixed with ammonia; an 

5 external electrode provided in such a manner as to 
surround the outer periphery of the reaction vessel; 
an exhaust gas outlet or outlets extending through 
the external electrode; and means for applying a 
voltage for glow discharge between the internal and 

w external electrodes. 

(f) In addition, the present invention provides 
an exhaust gas treating apparatus as defined in (e), 
comprising: a cylindrical reaction vessel made of a 
dielectric material and having a plurality of bores 

15 for gas passage provided in the side wall; a first 
cylindrical electrode made of an electrical conduc- 
tor and having a plurality of bores for gas passage 
provided in the side wall, the first cylindrical elec- 
trode covering the side wall of the cylindrical reac- 

20 tion vessel; a second cylindrical electrode made of 
an electrical conductor, the second cylindrical elec- 
trode having threads formed on the outer periph- 
eral surface and a plurality of bores for gas pas- 
sage provided along the crests and/or roots of the 

25 threads, and the second cylindrical electrode being 
coaxially provided inside the cylindrical reaction 
vessel; and a power supply connected to the first 
and second cylindrical electrodes; wherein a plural- 
ity of units each comprising the cylindrical reaction 

30 vessel and the first and second cylindrical elec- 
trodes are disposed parallel to each other and an 
exhaust gas mixed with ammonia which is to be 
treated is introduced into the second cylindrical 
electrodes. 

35 (g) In addition, the present invention provides 

an exhaust gas treating apparatus as defined in (e) t 
comprising: a cylindrical reaction vessel made of a 
dielectric material and having a plurality of bores 
for gas passage provided in the side wall; a first 

40 cylindrical electrode made of an electrical conduc- 
tor and having a plurality of bores for gas passage 
provided in the side wall, the first cylindrical elec- 
trode covering the side wall of the cylindrical reac- 
tion vessel; a second cylindrical electrode made of 

45 an electrical conductor, the second cylindrical elec- 
trode having a plurality of bores for gas passage 
provided in the side wall, each bore having a 
cylindrical outward projection provided around it, 
and the second cylindrical electrode being coaxial- 

50 ly provided inside the cylindrical reaction vessel; 
and a power supply connected to the first and 
second cylindrical electrodes; wherein a plurality of 
units each comprising the cylindrical reaction ves- 
sel and the first and second cylindrical electrodes 

55 are disposed parallel to each other and an exhaust 
gas mixed with ammonia which is to be treated is 
introduced into the second cylindrical electrodes. 
According to the means stated in (a), an ex- 
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haust gas which is to be treated is mixed with a 
very small amount of ammonia as a buffer gas for 
promoting chemical reactions and the resulting 
mixture is introduced into the reaction vessel. A 
glow discharge occurs between the porous elec- 
trodes inside the reaction vessel, so that the gas 
mixture is formed into a plasma. As a result, nitro- 
gen oxides and/or sulfur oxides actively cause 
chemical reactions to form N2 and/or S. 

The glow discharge taking place inside the 
reaction vessel is stabilized by virtue of the porous 
electrodes. 

Further, the porous dielectric member enables 
a large amount of exhaust gas to come into contact 
with the plasma at high efficiency. 

Thus, even if the flow rate of exhaust gas 
which is to be treated is increased, there is no 
lowering in the rate of removal of nitrogen oxides 
and/or sulfur oxides and it is therefore possible to 
increase the exhaust gas treating capacity. 

According to the means stated in (b), when an 
exhaust gas mixed with ammonia, for example, is 
supplied to the plasma reaction vessel, the exhaust 
gas flows between the flat plate and sawtooth elec- 
trodes which are generating glow discharge in re- 
sponse to a high voltage applied thereto from the 
power supply, the exhaust gas being preferably 
arranged to flow in a direction perpendicular to the 
edges of the crests of the corrugations formed on 
the sawtooth electrodes. At this time, the exhaust 
gas is activated by the plasma to cause chemical 
reactions, thus removing nitrogen oxides and sulfur 
oxides. The corrugations formed on the electrode 
enables a glow discharge to occur easily and also 
permits an increase in the area of contact with the 
exhaust gas, which results in an improvement in 
the exhaust gas treating effectiveness. Since the 
corrugations cause turbulence in the flow of ex- 
haust gas, ions are diffused and it is therefore 
possible to suppress generation of an arc dis- 
charge. 

Thus, it is possible to treat a large amount of 
exhaust gas at high efficiency. 

In the apparatuses stated in (c) and (d), a glow- 
discharge plasma is generated between the flat 
plate and sawtooth electrodes by application of a 
voltage and the fluid to be treated is activated by 
the plasma, so that nitrogen oxides and sulfur 
oxides contained in the fluid are readily decom- 
posed into nitrogen and oxygen. 

The dielectric plate provided on the surface of 
the flat plate electrode prevents the glow discharge 
from changing into an arc discharge. In this way, 
the exhaust gas is readily treated. 

In the apparatus stated in (e), the means for 
stabilizing the generation of plasma is constituted 
by bores which are provided in the peripheral wall 
of the internal electrode extending through the re- 


action vessel so as to stabilize the glow discharge. 

Thus, a voltage is applied between the internal 
and external electrodes while a gas containing ni- 
trogen oxides and/or sulfur oxides and ammonia is 

5 being discharged from the bores provided in the 
internal electrode, thereby generating a plasma of 
the gas mixture. 

According to this apparatus, even if the flow 
rate of exhaust gas is increased, there is no iower- 

in mg in the rate of removal of nitrogen oxides and/or 
sulfur oxides by virtue of the presence of ammonia 
serving as a buffer gas for promoting chemical 
reactions and stabilization of the plasma by the 
presence of the bores provided in the internal 

, 5 electrode. Accordingly, it is possible to increase 
the exhaust gas treating capacity. 

In the apparatus stated in (f), an exhaust gas 
mixed with ammonia flows into the cylindrical reac- 
tion vessel through the bores provided in the sec- 

20 ond cylindrical electrode. Then, the gas is .dis- 
charged to the outside through the bores respec- 
tively provided in the cylindrical reaction vessel 
and the first cylindrical electrode. 

On the other hand, a glow discharge occurs 

25 between the first and second cylindrical electrodes. 
Accordingly, the gas inside the reaction vessel is 
formed into a plasma and actively performs chemi- 
cal reactions. Through the chemical reactions, NO x 
and SO x contained in the exhaust gas are readily 

30 removed. 

In the above-described process, the generation 
of glow discharage is facilitated by the threads 
formed on the second cylindrical electrode. Since 
the gas mainly flows in the radial direction, there is 

35 no fear of the glow discharge dying and there is no 
lowering in the treating efficiency even if a large 
amount of gas is supplied. Further, since bores for 
gas passage are provided in the discharge section, 
ions are carried by the gas, so that generation of a 

40 spark is suppressed. Accordingly, the glow dis- 
charge is maintained stably. 

Thus, it is possible to readily treat a large 
amount of nitrogen oxides and sulfur oxides in the 
exhaust gas by means of a relatively small-sized 

45 apparatus. The present invention thus provides an 
apparatus which is useful for practical application. . 

In the apparatus stated in (g), an exhaust gas 
mixed with ammonia flows into the cylindrical reac- 
tion vessel through the bores provided in the see- 
so ond cylindrical electrode. Then, the gas is dis- 
charged to the outside through the bores respec- 
tively provided in the cylindrical reaction vessel 
and the first cylindrical electrode. On the other 
hand, a glow discharge occurs between the first 

55 and second cylindrical electrodes. Accordingly, the 
gas passing there is formed into a plasma and 
actively performs chemical reactions. Through the 
chemical reactions, NO x and SO x contained in the 
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exhaust gas are removed. 

In the above-described process, the generation 
of glow discharage in the cylindrical reaction vessel 
is facilitated by the cylindrical projections formed 
on the second cylindrical electrode. Since the gas 
mainly flows in the radial direction, there is no fear 
of the glow discharge dying and there is no tower- 
ing in the treating efficiency even if a large amount 
of gas is supplied. 

Thus, it is possible to readily treat a large 
amount of nitrogen oxides and sulfur oxides in the 
exhaust gas by means of a relatively small-sized 
apparatus. The present invention thus provides an 
apparatus which is useful for practical application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description of the pre- 
ferred embodiments thereof, taken in conjunction 
with the accompanying drawings, in which like ref- 
erence numerals denote like elements, and of 
which: 

Fig. 1 is a block diagram showing a first 
embodiment of the present invention; 

Fig. 2 is a sectional view of the plasma 
reaction vessel employed in the first embodiment; 

Fig. 3 is a perspective view of the porous 
electrode section in the first embodiment; 

Fig. 4 is a perspective view of the plasma 
reaction vessel employed in a second embodiment 
of the present invention; 

Fig. 5 is a longitudinal sectional view of the 
plasma reaction vessel in the second embodiment; 

Figs. 6 and 7 are graphs showing the ad- 
vantageous effects of the second embodiment; 

Fig. 8 is a block diagram showing a third 
embodiment of the present invention; 

Fig. 9 is a partially-cutaway perspective view 
of the plasma reaction vessel in the third embodi- 
ment; 

Fig. 10 is a transverse sectional view of the 
plasma reaction vessel in the third embodiment; 

Fig. 11 is a graph of the NO2 removal rate, 
which shows the advantageous effects of the third 
embodiment; 

Fig. 12 is a block diagram showing a fourth 
embodiment of the present invention; 

Fig. 13 is a transverse sectional view of the 
plasma reaction vessel in the fourth embodiment; 

Fig. 14 is a block diagram showing a fifth 
embodiment of the present invention; 

Fig. 15 shows the arrangement of a device 
according to the fifth embodiment; 

Fig. 16 is a sectional view taken along the 
line X-X of Fig. 15; 
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Figs. 17 and 18 are graphs showing the 
advantageous effects of the fifth embodiment; 

Fig. 19 is a block diagram showing a sixth 
embodiment of the present invention; 
5 Fig. 20 is a partially-cutaway perspective 

view of the plasma reaction vessel in the sixth 
embodiment; 

Fig. 21 is a sectional view taken along the 
line Y-Y of Fig. 20; 
10 Fig. 22 is a partialiy-cutaway perspective 

view of a cylindrical reaction vessel constituting the 
plasma reaction vessel in the sixth embodiment; 

Fig. 23 is a sectional view of a second 
cylindrical electrode in the sixth embodiment; 
is Figs. 24 and 25 are graphs showing advanta- 

geous effects of the sixth embodiment; 

Fig. 26 is a partially-cutaway perspective 
view of the plasma reaction vessel employed in a 
seventh embodiment of the present invention; 
20 Fig. 27 is a sectional view taken along the 

line Z-Z of Fig. 26; 

Fig. 28 is a partially-cutaway perspective 
view of a cylindrical reaction vessel constituting the 
plasma reaction vessel of the seventh embodiment; 
25 Fig. 29 is a sectional view of the cylindrical 

reaction vessel shown in Pig. 28; 

Figs. 30 and 31 are graphs showing advanta- 
geous effects of the seventh embodiment; 

Fig. 32 is a block diagram showing the ar- 
30 rangement of a prior art; 

Fig. 33(a) is a partially-cutaway perspective 
view of the plasma reaction vessel employed in the 
prior art; and 

Fig. 33(b) is a sectional view of the plasma 
35 reaction vessel shown in Fig. 33(a). 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

40 

A first embodiment of the present invention will 
first be described with reference to Figs. 1, 2 and 
3. 

Referring to Fig. 1, the reference numeral 1 
45 denotes a general-purpose combustion furnace 
which is an object of exhaust emission control. The 
reference numeral 3 denotes a dust collector (e.g., 
cyclone collector), and 2 an exhaust pipe for carry- 
ing the exhaust gas from the combustion furnace 1 
50 to the dust collector 3. In the dust collector 3, 
particles that are contained in the exhaust gas are 
removed. The reference numeral 5 denotes a plas- 
ma reaction vessel, 4 an exhaust pipe for carrying 
the exhaust gas from the dust collector 3 to the 
55 plasma reaction vessel 5. The reference numeral 6 
denotes a power supply for applying a plasma 
generating voltage to the electrodes of the plasma 
reaction vessel 5, and 7 an outlet pipe for discharg- 
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ing the treated gas which is connected to plasma 
reaction vessel 5. The reference numeral 16 de- 
notes an ammonia supply device that supplies am- 
monia at a flow rate which may be set as desired 
within the range of from several t/min to several 
tens of l/min, and 17 a supply pipe which con- 
nects the ammonia supply device 16 to the inlet of 
the plasma reaction vessel 5. 

The plasma reaction vessel 5 will next be ex- 
plained in detail with reference to Figs. 2 and 3. It 
should be noted that Fig. 3 is a perspective view 
showing the arrangement of the plasma reaction 
vessel 5 shown in Fig. 2. 

The plasma reaction vessel 5, which is a cylin- 
drical vessel both ends of which are open, has a 
pair of first and second plate-shaped porous elec- 
trodes 10 and 11 which are provided therein in 
such a manner that the planes of the electrodes 10 
and 11 extend substantially perpendicular to the 
axis of the plasma reaction vessel 5. The porous 
electrodes 10 and 11 are connected to the power 
supply 6. 

A porous dielectric member 9 is installed be- 
tween the porous electrodes 10 and 11 with a 
space provided between the same and one of the 
two electrodes 10 and 11. The porous dielectric 
member 1 1 is formed from a porous ceramic ma- 
terial. 

The plasma reaction vessel 5 having the 
above-described arrangement is supplied with a 
gas mixture of the exhaust gas from the combus- 
tion furnace 1 and ammonia from the ammonia 
supply pipe 17. The gas mixture is introduced into 
the space provided in front of the porous dielectric 
member 9 through the pores in the porous elec- 
trode 10, formed into a plasma by means of a glow 
discharge, made harmless through the reactions 
described later, and then discharged to the outside 
through the respective pores in the porous dielec- 
tric member 9 and the porous electrode 11. It 
should be noted that the flow rate of ammonia 
supplied from the ammonia supply device 16 is in 
the range of from several t/min to several tens of 
t/min. 

The above-described plasma is a glow-dis- 
charge plasma whereby gas molecules such as 
ammonia, NO x and SO x are excited and dissoci- 
ated, thus the gas molecules being brought into a 
chemically active state. As a result, for example, 
the following chemical reactions are caused: 
NH 3 + electronic energy of about 6.4eV — NH 2 + H 

(3) 

2NO2 + electronic energy of about 9.5eV — 

2NO + 0 2 (4) 

NH2+NO — N2 + H2O (5) 

2NH 2 + S0 2 - S + N 2 + 2H 2 0 (6) 

The above-described formulae (3) to (6) mean 
* *at NO, NO2 and S0 2 in the exhaust gas from the 


combustion furnace 1 that is introduced into the 
plasma reaction vessel 5 form N 2 , S and H2O. 

In the prior art apparatus [see Fig. 33(b)], since 
the exhaust gas passes through the space defined 

5 between the internal electrode and the glass ves- 
sel, the plasma is unstable if the flow rate of 
exhaust gas is higher than about 60 t/min, and 
therefore the upper limit of the flow rate range 
within which the exhaust gas can be effectively 

in jroatorj jc about 100 t/min. In contrast, in this em- 
bodiment the porous electrodes and the porous 
dielectric member, which have a large number of 
pores, are installed parallel to a plane perpendicu- 
lar to the direction of flow of the exhaust gas and it 
is, therefore, possible to enable a large amount of 
exhaust gas to come into contact with the plasma 
in an instant. 

More specifically, it is possible with this em- 
bodiment to treat the exhaust gas supplied even at 

20 a flow rate of about 1,000 t/min without a lowering 
in the rate of removal of NO x and SO*. 

Thus, the apparatus of this embodiment pro- 
vides a treating capacity which is 10 or more times 
that of the prior art. 

25 It should be noted that, although in 'this em- 

bodiment an exhaust gas containing both'NO x and 
SO x is treated, the present invention may also be 
applied to the treatment of an exhaust gas contain- 
ing only NO x or SO x as a harmful gas component. 

30 Although in the foregoing description the num- 

ber of porous electrodes is two, the number of 
porous electrodes may be three or more. 

A second embodiment of the present invention 
will next be explained with reference to Figs. 4 to 

35 7. 

In this embodiment, the plasma reaction vessel 
5 in the apparatus shown in Fig. 1 is arranged as 
follows. 

The reference numeral 6 denotes a power sup- 

40 ply for supplying electric power for generation of a 
plasma to a plasma reaction vessel 5. The plasma 
reaction vessel 5 has a duct-shaped casing 1 11 as 
shown in Figs. 4 and 5. The casing 1 1 1 has spaces 
111a and 111b provided therein at the front and 

45 rear ends, respectively. In addition, a flat plate 
anode 101 and a sawtooth cathode 102 constituted 
by a flat plate having corrugated surfaces are al- 
ternately placed horizontally in the casing 111 at 
predetermined spacings, the cathodes 102 being 

so disposed in such a manner that the edges of the 
crests of the corrugations extend perpendicular to 
the direction of flow of the gas, that is, the longitu- 
dinal axis. The flat plate anodes 101 are disposed 
so that the uppermost and lowermost layers of the 

55 stack of anodes 101 and cathodes 102 are con- 
stituted by anodes 101, respectively. The power 
supply 6 is connected to the anodes 101 and the 
cathodes 102. 
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In the above-described arrangement, the ex- 
haust gas containing NO x and SO x from the com- 
bustion furnace 1 is first supplied to the dust col- 
lector 3 where particulate dusts are removed and 
then mixed with ammonia which is supplied from 
the ammonia supply device 16 at a How rate which 
is about 1% of that of the exhaust gas, before 
being introduced into the plasma reaction vessel 5. 
In the plasma reaction vessel 5, the gas mixture of 
the exhaust gas and ammonia is distributed in the 
front space 111a so as to pass through the spaces 
defined between the adjacent flat plate anodes 101 
and the corrugated cathodes 102, causing chemical 
reactions (described later) therein, and thus NO x 
and SO x being removed. Thereafter, the treated 
gas comes out to the rear space 111b and flows 
into the discharge pipe 7. 

A glow discharge occurs between each pair of 
adjacent anode 101 and cathode 102 by a high 
voltage applied therebetween, thus generating a 
plasma of the exhaust gas mixed with ammonia. 

This plasma is a glow-discharge plasma where- 
by gas molecules such as ammonia, NO K and SO x 
are excited and dissociated to form a chemically 
active state, thereby performing denitration and de- 
sulfurization represented by the formulae (3) to (6) 
described in connection with the first embodiment. 

In each flow-discharge reaction region, the cor- 
rugations of the cathode 102 enable an increase in 
the area of contact with the exhaust gas mixed with 
ammonia, thus enhancing the treating efficiency. 
The corrugations also enable a glow discharge to 
occur easily and cause turbulence in the flow of the 
exhaust gas, which causes diffusion of ions to 
suppress generation of an arc discharge. Thus, 
efficient chemical reactions are maintained. 

Figs. 6 and 7 show NO x (50 to 200ppm) and 
SO x (about lOOppm) removing conditions attained 
by this embodiment. In these figures, the chain 
lines show the results obtained by the prior art, 
while the solid lines show the results by this em- 
bodiment. It will be understood that the exhaust 
gas treating capacity has markedly increased. 

Thus, it is possible according to this embodi- 
ment to treat a large amount of exhaust gas at high 
efficiency with a relatively small sized apparatus. 

A third embodiment of the present invention 
will next be explained with reference to Figs. 8 to 
10. 

This embodiment is an exhaust gas treating 
apparatus which is suitable for treating nitrous ox- 
ide (N 2 0) contained in exhaust gas. Exhaust gas 
from a combustion furnace 201 is carried to a dust 
collector 203 through an exhaust pipe 202. The 
dust collector 203, which is, for example, a cyclone 
collector or an electrostatic precipitator, collects 
particles contained in the exhaust gas. Thereafter, 
the exhaust gas from the dust collector 203 is 
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carried to a dehumidifier 205 through an exhaust 
pipe 204. In the dehumidifier 205, water contained 
in the exhaust gas is removed. Further, the exhaust 
gas from the dehumidifier 205 is carried to a plas- 

5 ma reaction vessel 211 through an exhaust pipe 
206. The exhaust gas from the plasma reaction 
vessel 21 1 is discharged to the outside through an 
outlet pipe 207 for discharging the treated gas. 
Further, first and second gas analyzers 209 and 

/o 210 are connected to the exhaust pipe 206 and the 
outlet pipe 207, respectively. These gas analyzers 
209 and 210 are, for example, gas chromatog- 
raphies, for measuring the concentration of N 2 0 
gas. 

75 A power supply 208 supplies a plasma gen- 

erating power to the plasma reaction vessel 211. 
As shown in Figs. 9 and 10, the plasma reaction 
vessel 211 has a duct-shaped casing 212. The 
casing 212 has spaces 211a and 211b provided 

20 therein at the front and rear ends, respectively. In 
addition, a flat plate electrode 300 which is sand- 
wiched between a pair of flat dielectric plates 302 
and a sawtooth electrode 301 constituted by a flat 
plate having corrugated surfaces are alternately 

25 placed horizontally in the casing 212 at predeter- 
mined spacings, the sawtooth electrodes 301 being 
disposed in such a manner that the edges of the 
crests of the corrugations extend parallel to the 
direction of flow of the gas, that is, the longitudinal 

30 axis. The flat plate electrodes 300 are disposed so 
that the uppermost and lowermost layers of the 
stack of electrodes 300 and 301 are constituted by 
flat plate electrodes 300, respectively, and the up- 
permost and lowermost plates 302 are removed. 

35 The power supply 208 is connected to the elec- 
trodes 300 and 301. It should be noted that the 
reference numeral 303 in Fig. 10 denotes mounts 
each serving also as a spacer, the mounts 303 
being made of an insulating material. The flat plate 

40 electrodes 300 and the sawtooth electrodes 301 
are made of a conductor, for example, SUS 304, 
copper or At. The pitch of the sawtooth corruga- 
tions of the electrodes 301 is set at 1 to 5mm and 
the depth thereof at 0.5 to 5mm with a view to 

45 enabling a plasma to be generated easily. The 
dielectric plates 302 are made of an inorganic 
material which has a dieletric constant of 3 to 10 in 
the temperature range of from 100 to 600° C and 
an electric resistivity of 1 x 10 10 to 1 x 10 18 fi*cm. 

so for example, quartz glass, aluminous porcelain 
(AH2O3 ceramics), zircon porcelain or Si02. 

In the above-described arrangement, the ex- 
haust gas containing N2O which is generated from 
the combustion furnace 201 is carried through the 

55 exhaust pipe 202 to the dust collector 203 where 
particles are removed from the exhaust gas and 
then the exhaust gas is carried to the dehumidifier 
205 through the exhaust pipe 204. in the de- 
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humidifier 205, water is removed from the exhaust 
gas so that a plasma will be readily generated. The 
dehumidified gas is then carried through the ex- 
haust pipe 206 to the front space 211a in the 
plasma reaction vessel 21 1 . 

On the other hand, the concentration of N 2 0 
contained in the exhaust gas carried to the plasma 
reaction vessel 211 is measured with the first gas 
analyzer 209. In this embodiment, the N 2 0 con- 
centration was about SO to 120ppm. 

The exhaust gas carried to the front space 
211a in the plasma reaction vessel 211 is then 
carried to the rear space 211b through a glow- 
discharge region, that is, an exhaust gas passage 
304, which is defined between each pair of adja- 
cent dielectric plate 302 and sawtooth electrode 
301. At this time, the exhaust gas that is present in 
each exhaust gas passage 304 is formed into a 
plasma. More specifically, when a high electric field 
is applied to the exhaust gas containing N 2 0 from 
the power supply 208 with the thickness of each 
dielectric plate 302 set at a proper value, the 
exhaust gas is formed into a plasma by means of 
glow discharge. In this embodiment, quarts glass 
plates having a thickness of 5mm were employed 
as dielectric plates 302 and the applied voltage 
was set at 10 to 17KV to obtain a glow-discharge 
plasma. The dielectric plates 302 prevent the glow 
discharge from becoming an arc discharge. 

The N2O concentation in the exhaust gas outlet 
pipe 207 is measured with the second gas analyzer 
210. In this embodiment, the N 2 0 concentation was 
3 to 5ppm. This means that the N 2 0 gas which first 
had a concentration of 80 to 120ppm was de- 
composed substantially completely through the 
plasma reaction vessel 211. The mechanism may 
be considered as follows. 

Since the above-described plasma is a glow- 
discharge plasma of exhaust gas containing N 2 0 
gas, the gas molecules in the exhaust gas are 
excited or dissociated by collision of electrons. As 
a result, it is considered that a chemical reaction 
such as that represented by the formula (7) takes 
place: 

2N2O+ electronic energy of about 12.94eV — - 
2N2+O2 (7) 

It should be noted that when NO and NO2 are 
mixed in the exhaust gas, the following reactions 
are considered to be taking place at the same time: 
2NO + electronic energy of about 9.25eV — 
N2+O2 (8) 

2N0 2 + electronic energy of about 9.78eV — 
N2+2O2 (9) 

Fig. 11 is a graph showing N 2 0 (80 to 
I20ppm) removing conditions attained by this em- 
bodiment It will be understood from the figure that 
an N 2 0 removal rate of 90% or more is obtained in 
the exhaust gas flow rate range of from 100 to 


2,0001/min. 

A fourth embodiment of the present invention 
will next be explained. Fig. 12 is a block diagram 
showing the general arrangement of this embodi- 

5 ment, and Fig. 13 is a transverse sectional view of 
the plasma reaction vessel in this embodiment. It 
should be noted that description of the same mem- 
bers or portions as those in the third embodiment 
is omitted and members and portions which are 

70 different from those in the third embodiment will he 
mainly explained below. Fig. 13 shows the arrange- 
ment of electrodes inside the plasma reaction ves- 
sel 211'. A sawtooth corrugated electrode 301 is 
provided in the center of the casing 112 , and a 

15 pair of fiat piate electrodes 300 are provided so as 
to face both the surfaces, respectively, of the cor- 
rugated electrode 301 with a predetermined space. 
In addition, a flat plate 302 made of a dielectric 
material is provided between the sawtooth elec- 

20 trode 301 and each flat plate electrode 300 and in 
contact with the electrode 300. The flat plate elec- 
trodes 300 and the sawtooth electrodes 301 are 
connected to a power supply 208. 

In the above-described arrangement,,, when ex- 

25 haust gas flows through gas passages 304 in the 
plasma reaction vessel 21 1 , the exhaust gas is 
formed into a plasma and activated, so that the 
reactions represented by the formulae,, (7) to (9) 
take place, thereby enabling nitrogen oxides in the 

30 exhaust gas to be removed efficiently. 

A fifth embodiment of the present invention will 
next be explained with reference to Figs. 14 to 16. 

Referring to Fig. 14, the reference numeral 401 
denotes a general-purpose combustion furnace 

35 which is an object of exhaust emission control. The 
reference numeral 402 denotes an exhaust pipe for 
carrying the exhaust gas from the combustion fur- 
nace 401. to a dust collector (e.g., cyclone collec- 
tor) 403. In the dust collector 403. particles that are 

40 contained in the exhaust gas are removed. The 
reference numeral 404 denotes an exhaust pipe for 
carrying the exhaust gas from the dust collector 
403 to an inlet pipe 418 of a plasma reactor 405. 
The reference numeral 406 denotes a power sup- 

45 ply for applying a plasma generating voltage to the 
electrodes of the plasma reactor 405. The refer- 
ence numerals 407a and 407b denote exhaust gas 
outlet pipes which are connected to the plasma 
reactor 405. The reference numeral 416 denotes an 

50 ammonia supply device that supplies ammonia at a 
flow rate which may be set as desired within the 
range of from several 1/min to several tens of 
I/min, the ammonia being supplied to an exhaust 
gas inlet pipe 418 through an ammonia supply pipe 

55 417 which is connected to the exhaust pipe 404. 

The plasma reactor 405 will next be explained 
in detail with reference to Figs. 15 and 16. It should 
be noted that Fig. 16 is a sectional view taken 
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along the line X-X of Fig. 15. 

A cylindrical internal electrode 410 extends 
through a cylindrical reaction vessel 409 both ends 
of which are closed and which has openings in the 
side wall. The internal electrode 410 has a plurality 
of bores 412 provided in the peripheral wall. 

An external electrode 41 1 is provided on the 
outer periphery of the reaction vessel 409 so as to 
surround it. and a pair of exhaust gas outlet pipes 
407a and 407b are connected to the respective 
openings provided in the side wall of the reaction 
vessel 409 in such a manner that outlet pipes 407a 
and 407b extend through the external electrode 
411. 

The reaction vessel 409 is made of glass in 
this embodiment. However, the material for the 
reaction vessel 409 is not necessarily limited to 
glass and any desired dielectric material, for exam- 
ple, ceramics, may be used. The reference nu- 
meral 418 denotes an exhaust gas inlet pipe which 
is connected to the internal electrode 410 through 
an electrical insulating pipe 413. 

In the plasma reactor 405 having the above- 
described arrangement, ammonia is supplied 
through the ammonia supply pipe 417 to the ex- 
haust pipe 404 where it is mixed with the exhaust 
gas from the combustion furnace 401. The gas 
mixture is then introduced via the electrical insulat- 
ing pipe 413 into the reaction vessel 409 through 
the bores 412 in the internal electrode 410, In the 
reaction vessel 409, the gas mixture is made harm- 
less through the above-described reactions caused 
by a voltage applied to the electrodes from the 
power supply 406. The treated exhaust gas is then 
discharged to the outside from the exhaust gas 
outlet pipes 407a and 407b. 

Referring to Fig. 14, the exhaust gas containing 
NO x and SO x generated from the combustion fur- 
nace 401 is carried through the exhaust pipe 402 
to the dust collector 403 where particles are re- 
moved from the exhaust gas and the gas is then 
introduced into the internal electrode 410 through 
the exhaust pipe 404 and the exhaust gas inlet 
pipe 418 and the electrical insulating pipe 413 of 
the plasma reactor 405. The exhaust gas enters the 
reaction vessel 409 through the bores 412 provided 
in the internal electrode 410 and is then discharged 
to the outside through the exhaust gas outlet pipes 
407a and 407b. On the other hand, ammonia is 
supplied from the ammonia supply device 416 
through the ammonia supply pipe 417 and the 
exhaust gas inlet pipe 418 and introduced into the 
reaction vessel 409 through the bores 412 in the 
internal electrode 410 at a flow rate in the range of 
from several Urn in to several tens of I /mi n. 

Meantime, electric power is supplied to the 
internal and external electrodes 410 and 411 from 
the power supply 406 to generate a plasma of the 


exhaust gas mixed with ammonia present in the 
space between the internal and external electrodes 
410 and 411. 

This plasma is a glow-discharge plasma where- 

5 by gas molecules such as ammonia, NO x and SO x 
are excited and dissociated to form a chemically 
active state, thereby performing denitration and de- 
sulfurization represented by the formulae (3) to (6) 
described in connection with the first embodiment. 

w Figs. 17 and 18 show NO K (50 to 200ppm) and 

SO x (about lOOppm) removing conditions attained 
by the apparatus of this embodiment. In these 
figures, the chain lines show the results obtained 
by the prior art, while the solid lines show the 

;s result obtained by this embodiment. 

Fig. 17 is a graph showing the relationship 
between the NO x removal rate and the flow rate of 
the exhaust gas. 

As will be clear from Fig. 17, although in the 

20 prior art the upper limit of the flow rate range within 
which the exhaust gas can be treated is about 
1001/min, the apparatus of this embodiment is 
capable of treating exhaust gas even at a flow rate 
of 1,0001/rnin without a lowering in the rate of 

25 removal of NO x . 

Fig. 18 is a graph showing the relationship 
between the SO x removal rate and the flow rate of 
the exhaust gas. 

As will be clear from Fig. 18, although in the 

30 prior art the upper limit of the flow rate range within 
which the exhaust gas can be treated is about 
100t/min, the apparatus of this embodiment is 
capable of treating exhaust gas even at a flow rate 
of 1,000t/min without a lowering in the rate of 

35 removal of SO x . Thus, the apparatus of this em- 
bodiment has a treating capacity which is about 10 
times that of the prior art. It should be noted that 
although in this embodiment an exhaust gas con- 
taining both NO x and SO x is treated, the present 

40 invention may also be applied to the treatment of 
an exhaust gas containing only NO x or SO x as a 
harmful gas component. 

A sixth embodiment of the present invention 
will next be explained with reference to Figs. 19 to 

45 25. 

Referring to Fig. 19, the reference numeral 501 
denotes a combustion furnace which is an object of 
exhaust emission control. The exhaust gas from the 
combustion furnace 501 is carried to a cyclone 

so collector 503 through an exhaust pipe 502. In the 
dust collector 503, particles that are contained in 
the exhaust gas are removed. Thereafter, the ex- 
haust gas from the cyclone collector 503 is carried 
to a plasma reaction vessel (described later) 510 

55 through a cylcone collector exhaust pipe 504. An 
ammonia supply device 505 supplies ammonia at a 
flow rate which may be set as desired within the 
range of from several i/min to several tens of 

10 


<EP 0366876A1 _l_> 


EP 0 366 876 A1 


18 


t/min to the intermediate portion of the cylcone 
collector exhaust pipe 504 through an ammonia 
supply pipe 506. The gas that is discharged from 
the plasma reaction vessel 510 is released to the 
outside through a discharge pipe 508. A power 
supply 509 supplies electric power for plasma gen- 
eration to the plasma reaction vessel 510. As 
shown in Fig. 20, the plasma reaction vessel 510 
has a duct-shaped casing 51 1. Transverse partition 
walls 511a and 511b are provided in the forward 
and rearward end portions, respectively, of the 
casing 511. Between the partition walls 511a and 
511b are provided a plurality of first cylindrical 
electrodes 603 each having a cylindrical reaction 
vessel (described later), the electrodes 603 extend- 
ing parallel to the axis of the casing 511 (see Fig. 
21). 

As shown in Fig. 22, each first cylindrical elec- 
trode 603 is made of aluminum or copper and has 
a plurality of first bores 603a for gas passage 
which are provided in the side wall at predeter- 
mined spacings. A cylindrical reaction vessel 602 
made of glass is provided inside the first cylindrical 
electrode 603 in such a manner that the outer 
periphery of the reaction vessel 602 is in contact 
with the inner periphery of the first cylindrical elec- 
trode 603. The side wall of the reaction vessel 602 
is provided with a plurality of bores which are 
coaxial with the corresponding bores 603a and 
which have a slightly smaller diameter than that of 
the bores 603a. Further, a second cylindrical elec- 
trode 601 made of aluminum or copper is coaxially 
provided inside the first cylindrical electrode 603. 
The second cylindrical electrode 601 has threads 
formed on the outer periphery thereof, and a plural- 
ity of radial second and third bores 601a and 601b 
are provided along the roots and crests, respec- 
tively, of the threads (see Fig. 23). It is preferable 
that the second and third bores 601a and 601b 
have a diameter of from 1 to 5mm, the pitch of the 
threads be from 1 to 5mm and the depth of the 
threads be not greater than about 30mm. It should 
be noted that either second bores 601a or third 
bores 601b alone may be provided. 

The first and second cylindrical electrodes 603 
and 601 are disposed between the partition walls 
511a and 511b inside the casing 511 as follows 
(see Fig. 20): 

i) The partition wall 511a provided at the 
exhaust gas inlet side of the plasma reaction vessel 
510, that is, at the forward end thereof, is provided 
with bores e which are communicated with the 
insides of the respective second cylindrical elec- 
trodes 601 so that the exhaust gas is introduced 
through the bores e. The forward end of each 
cylindrical reaction vessel 602 is closed with the 
partition wall 51 1 a. 

(ii) The peripheral portion of the partition wall 


511b that is provided at the rear end of the plasma 
reaction vessel 510 is provided with bores f at 
predetermined spacings, but the rear end of each 
second cylindrical electrode 601 is closed with the 
5 partition wall 511b. The rear end of the cylindrical 
reaction vessel 602 is also closed with the partition 
wall 511b. 

(iii) A power supply 509 is connected to the 
first and second cylindrical electrodes 603 and 601. 
w In the above-described arrangement, the ex- 

haust gas containing NO x and SO x from the com- 
bustion furnace 501 is supplied to the cyclone 
collector 503 where particulate dusts are removed, 
and the exhaust gas is then mixed with ammonia 
15 supplied from the ammonia supply device 505 at a 
flow rate which is about 1% of that of the exhaust 
gas. The gas mixture is then introduced into the 
plasma reaction vessel 510. In the plasma reaction 
vessel 510, the exhaust gas is distributed in the 
20 space 510a in front of the forward partition wall 
511a so as to enter each second cylindrical elec- 
trode 601 through the corresponding bore e and 
then comes out of the second bores 601a and the 
third bores 601b into the space within the cylin- 
25 drical reaction vessel 602 (see Figs. 20 and 22). 

A glow discharge occurs in each cylindrical 
reaction vessel 602 in respone to a high voltage 
applied between the first and second cylindrical 
electrodes 603 and 601 , thus generating a plasma 
30 of the exhaust gas mixed with ammonia. As a 
result, chemical reactions such as those repre- 
sented by the formulae (3) to (6) ■ described in 
connection with the first embodiment take place, 
thus NO x and SO x being removed. Thereafter, the 
35 exhaust gas emerges into the space inside the 
casing 511 through the first bores 603a, further 
emerges into the rear space 510 through the bores 
f and then flows into the gas discharge pipe 508. 
Since the exhaust gas mixed with ammonia 
40 mainly flows radially within each cylindrical reaction 
vessel 602, the glow discharge is maintained with- 
out a fear of dying even if the flow rate of exhaust 
gas which is to be treated is increased higher than 
in the case where the exhaust gas flows axially as 
45 in the prior art. There is no lowering in the removal 
efficiency, either, In addition, since the glow-dis- 
charge region is provided with bores for gas pas- 
sage, ions are carried by the gas, so that genera- 
tion of a spark is suppressed, 
so It should be noted that the thread-shaped pro- 

jections on the second cylindrical electrode 603 are 
provided with a view to enabling a glow discharge 
to occur easily. The reason why the cylindrical 
reaction vessel 602 made of a dielectric material is 
55 disposed between the first and second cylindrical 
electrodes 603 and 601 and the reason why the 
diameter of the first bores 601a is greater than that 
of the bores of the reaction vessel 602 are to 


11 


19 


EP 0 366 876 A1 


20 


control the discharge current so that no arc dis- 
charge will be generated. 

Figs. 24 and 25 show NO K (50 to 200ppm) and 
SO x (about lOOppm) removing conditions attained 
by this embodiment. In these figures, the chain 
lines show the results obtained by the prior art, 
while the solid lines show the results by this em- 
bodiment, it will be understood that the exhaust 
gas treating capacity has increased by a large 
margin. 

Thus, it is possible according to this embodi- 
ment to treat a large amount of exhaust gas at high 
efficiency with a relatively small sized apparatus. 

A seventh embodiment of the present invention 
will next be explained with reference to Figs. 26 to 
31. 

A plasma reaction vessel 710 shown in Fig. 26 
is supplied with the exhaust gas and ammonia from 
the combustion furnace 501 and the ammonia sup- 
ply device 505, respectively, which are shown in 
Fig. 19. through the cyclone collector exhaust pipe 
504 and then discharged to the outside from the 
plasma reaction vessel 710 through the exhaust 
gas discharge pipe 508, in the same way as in the 
sixth embodiment. 

The power supply 509 shown in Fig. 19 sup- 
plies electric power for plasma generation to the 
plasma reaction vessel 710. As shown in Fig. 26, 
the plasma reaction vessel 710 has a duct-shaped 
caing 711. Transverse partition walls 711a and 
71 1 b are provided in the forward and rearward end 
portions, respectively, of the casing 71 1 . Between 
the partition walls 711a and 711b are provided a 
plurality of reactor units each comprising a cylin- 
drical reaction vessel, a first cylindircal electrode 
803 and a second cylindrical electrode 801 
(described later), the reactor units extending par- 
allel to the axis of the casing 71 1 (see Fig. 27). 

As shown in Fig. 28 and 29, each first cylin- 
drical electrode 803 is made of aluminum or cop- 
per and has a plurality of first bores 803a for gas 
passage which are provided in the side wall at 
predetermined spacings. A cylindrical reaction ves- 
sel 802 made of glass is provided inside the first 
cylindrical electrode 803 in such a manner that the 
outer periphery of the reaction vessel 802 is in 
contact with the inner periphery of the first cylin- 
drical electrode 803. The side wall of the reaction 
vessel 802 is provided with a plurality of bores 
which are coaxial with the corresponding bores 
803a and which have a slightly smaller diameter 
than that of the bores 803a. Further, a second 
cylindrical electrode 801 made of aluminum or 
copper is coaxially provided inside the cylindrical 
reaction vessel 802. A plurality of second bores 
801a for gas passage are provided in the side wall 
of the second cylindrical electrode 801. The pe- 
riphery of each bore 801a is formed in the shape of 


a cylindrical projection which projects outward (see 
Fig. 29). 

It should be noted that the second bores 801a 
have a diameter of from 1 to 5mm and the height 
5 of the projections is 2 to 4 times the bore diameter. 
The number of first bores 803a is about 1/10 to 
1/50 of that of second bores 801a. 

The first and second cylindrical electrodes 803 
and 801 are disposed between the partition walls 

w 711a and 711b inside the casing 711 as follows 
(see Fig. 26): 

(i) The partition wall 711a provided at the 
exhaust gas inlet side of the plasma reaction vessel 
710, that is, at the forward end thereof, is provided 

is with bores e which are communicated with the 
insides of the respective second cylindrical elec- 
trodes 801 so that the exhaust gas is introduced 
through the bores e. The forward end of each 
cylindrical reaction vessel 802 is closed with the 

20 partition wall 71 1a. 

it) The peripheral portion of the partition wall 
711b that is provided at the rear end of the plasma 
reaction vessel 710 is provided with bores f at 
predetermined spacings, but the rear end of each 

25 second cylindrical electrode 801 is closed with the 
partition wall 711b. The rear end of the cylindrical 
reaction vessel 802 is also closed with the partition 
wall 711b. 

(iii) A power supply 509 is connected to the 

30 first and second cylindrical electrodes 803 and 801. 

In the above-described arrangement, the ex- 
haust gas containing NO x and SO K from the com- 
bustion furnace is supplied to the cyclone collector 
where particulate dusts are removed, and the ex- 

35 haust gas is then mixed with ammonia supplied 
from the ammonia supply device at a flow rate 
which is about 1% of that of the exhaust gas. The 
gas mixture is then introduced into the plasma 
reaction vessel 710. In the plasma reaction vessel 

40 710, the exhaust gas is distributed in the space 
710a in front of the forward partition wall 711a so 
as to enter each second cylindrical electrode 801 
through the corresponding bore e and then comes 
' out of the second bores 801a into the space within 

45 the cylindrical reaction vessel 802 through the sec- 
ond bores 801a (see Figs. 26 and 28). In this 
space, chemical reactions such as those in the 
above-described embodiments take place, thus 
NO x and SO x being removed. Thereafter, the ex- 

so haust gas emerges into the space inside the casing 
71 1 through the first bores 803a, further emerges 
into the rear space 710b through the bores f and 
then flows into the gas discharge pipe 508. 

Since the exhaust gas mixed with ammonia 

55 mainly flows radially within each cylindrical reaction 
vessel 802. the glow discharge is maintained with- 
out a fear of dying even if the flow rate of exhaust 
gas which is to be treated is increased higher than 
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in the case where the exhaust gas flows axially as 
in the prior art. There is no lowering in the removal 
efficiency, either. 

It should be noted that the projections around 
the second bores 801a are provided with a view to 
enabling a glow discharge to occur easily. The 
reason why the cylindrical reaction vessel 802 
made of a dielectric material is disposed between 
the first and second cylindrical electrodes 803 and 


bores 803a is greater than that of the bores of the 
reaction vessel 802 are to control the discharge 
current so that no arc discharge will be generated. 

Figs. 30 and 31 show NO x (50 to 200ppm) and 
SO x (about 100ppm) removing conditions attained 
by this embodiment. In these figures, the chain 
lines show the results obtained by the prior art, 
while the solid lines show the results by this em- 
bodiment. It will be understood that the exhaust 
gas treating capacity has increased by a large 
margin. 

Thus, it is possible according to this embodi- 
ment to treat a large amount of exhaust gas at high 
efficiency with a relatively small sized apparatus. 

As has been described above, it is possible 
according to the present invention to efficiently 
treat a large amount of exhaust gas containing 
nitrogen oxides and/or sulfur oxides which is gen- 
erated from a combunation furnace, which has 
heretofore been impossible with the prior art. 

Although the present invention has been de- 
scribed through specific terms, it should be noted 
here that the described embodiments are not nec- 
essarily exclusive and that various changes and 
modifications may be imparted thereto without de- 
parting from the scope of the invention which is 
limited solely by the appended claims. 


Claims 

1. An exhaust gas treating apparatus for treat- 
ing nitrogen oxides and/or sulfur oxides contained 
in exhaust gas by the use of a glow-discharge 
plasma, comprising: 

a cyiindricaf reaction vessel both ends of which are 
open and which is made of an electrical insulator; 
a plurality of porous electrodes provided inside 
said reaction vessel in such a manner that the 
planes of said electrodes extend substantially per- 
pendicular to the axis of said reaction vessel; 
a porous dielectric member installed between each 
pair of adjacent porous electrodes with a predeter- 
mined space provided between the same and one 
of said two electrodes; 

a power supply for applying a voltage for glow 

discharge to said porous electrodes; and 

an ammonia supply means connected to an inlet 


pipe of said reaction vessel 

2. An exhaust gas treating apparatus for treat- 
ing nitrogen oxides and/or sulfur oxides contained 
in exhaust gas by the use of a glow-discharge 

5 plasma, comprising: 

a plurality of flat plate electrodes and a plurality of 
sawtooth electrodes each constituted by a flat plate 
with corrugated surfaces, said flat plate and 
sawtooth electrodes being disposed alternately and 

a power supply connected to said flat plate and 
sawtooth electrodes; 

wherein a fluid which is to be treated is arranged to 
flow between each pair of adjacent flat plate and 
75 sawtooth electrodes. 

3. An exhaust gas treating apparatus according 
to Claim 2. wherein said fluid is arranged to flow in 
a direction perpendicular to the edges of the crests 
of the corrugations formed on said sawtooth elec- 

20 trodes. 

4. An exhaust gas treating apparatus according 
to Claim 2, further including a flate plate made of a 
dielectric material which is disposed between each 
pair of adjacent sawtooth and flat plate electrodes 

25 and in contact with said flat plate electrode. 

5. An exhaust gas treating apparatus according 
to Claim 2, wherein there are provided a plurality of 
flat plate electrodes each sandwiched between flat 
dielectric plates and a plurality of sawtooth elec- 

30 trodes each constituted by a flat plate with cor- 
rugated surfaces, said flat plate and sawtooth elec- 
trodes being alternately disposed; a voltage is ap- 
plied between said flat plate and sawtooth elec- 
trodes; and a fluid which is to be treated is ar- 

35 ranged to flow between each pair of adjacent flat 
plate and sawtooth electrodes. 

6. An exhaust gas treating apparatus for treat- 
ing nitrogen oxides and/or sulfur oxides contained 
in exhaust gas by the use of a glow-discharge 

40 plasma, comprising: 

a cylindrical reaction vessel both ends of which are 
closed and which is made of a dielectric material, 
said reaction vessel having openings provided in 
the side wall; 

45 a cylindrical internal electrode coaxially extending 
through said reaction vessel and having a plurality 
of bores provided in the peripheral wall, said inter- 
nal electrode being supplied with exhaust gas 
mixed with ammonia; 

so an external electrode provided in such a manner as 
to surround the outer periphery of said reaction 
vessel; 

an exhaust gas outlet or outlets extending through 
said external electrode; and 
55 means for applying a voltage for glow discharge 
between said internal and external electrodes. 

7. An exhaust gas treating apparatus according 
to Claim 6, comprising: 
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a cylindrical reaction vessel made of a dielectric 
material and having a plurality of bores for gas 
passage provided in the side wall; 
a first cylindrical electrode made of an electrical 
conductor and having a plurality of bores for gas 5 
passage provided in the side wall, said first cylin- 
drical electrode covering the side wall of said cylin- 
drical reaction vessel; 

a second cylindrical electrode made of an electrical 
conductor, said second cylindrical electrode having w 
threads formed on the outer peripheral surface and 
a plurality of bores for gas passage provided along 
the crests and/or roots of said threads, and said 
second cylindrical electrode being coaxially pro- 
vided inside said cylindrical reaction vessel; and 75 
a power supply connected to said first and second 
cylindrical electrodes; 

wherein a plurality of units each comprising said 
cylindrical reaction vessel and said first and second 
cylindrical electrodes are disposed parallel to each 20 
other and an exhaust gas . mixed with ammonia 
which is to be treated is introduced into said sec- 
ond cylindrical electrodes. 

8. An exhaust gas treating apparatus according 
to Claim 6, comprising: 25 
a cylindrical reaction vessel made of a dielectric 
material and having a plurality of bores for gas 
passage provided in the side wall; 
a first cylindrical electrode made of an electrical 
conductor and having a plurality of bores for gas 30 
passage provided in the side wall, said first cylin- 
drical electrode covering the side wall of said cylin- 
drical reaction vessel; 

a second cylindrical electrode made of an electrical 
conductor, said second cylindrical electrode having 35 
a plurality of bores for gas passage provided in the 
side wall, each bore having a cylindrical outward 
projection provided around it, and said second cy- 
lindrical electrode being coaxially provided inside 
said cylindrical reaction vessel; and 40 
a power supply connected to said first and second 
cylindrical electrodes; 

wherein a plurality of units each comprising said 
cylindrical reaction vessel and said first and second 
cylindrical electrodes are disposed parallel to each 45 
other and an exhaust gas mixed with ammonia 
which is to be treated is introduced into said sec- 
ond cylindrical electrodes. 


55 


14 


BNSDOCID: <EP 0366876A1 I : 


EP 0 366 876 A1 


Fig* 1 


6 


3 


4 


Exhaust 
Gas 


7 


TT 

/6 


BNSDOCID: <EP 0366876A1 _l_> 


EP 0 36S 876 A1 


Fig. 2 


-or 


Exhaust Gas 


6 


L 
I 


10 9 It- 


Fig.. 3 



BNSDOCID: <EP 0366876 A 1 J_> 



EP 0 366 876 A1 



BNSDOCID: <EP 0366676 A 1 J_> 


EP 0 366 876 A1 


(%) 
!00r 


Fig. 6 


NOx 

Removal 
Rate 

50f- 


J L 


J L 


5,000 

Exhaust Gas / n A^;^ \ 
Flow Rate U/mifl ) 


IO.OOO 


(%) 

lOOr- 


Fig. 7 


SOX 

Removal 
Rate 50- 


— \ 


o- 


0 


I f 


5.000 10.000 

Exhaust Gas(jft/min) 
Flow Rate 


BNSOOCID: <EP_0366876A1_I_> 



BNSDOCID: <EP_0366876A1J_> 


EP 0 366 876 A1 



BNSDOCIO: <EP_0366876A1_I_> 


EP 0 366 876 A1 


I00 


NzO 

Removal 
Rate 


50 


Fig. 11 


0 1 1 -1 I L 

0 


J L 


WOO 2,000 1/^ 

Exhaust G&s Flow Rate (i/min)' 


Fig. 12 



BNSOOCID: <EP 0366676A1 _l_> 


EP 0 366 876 A1 



EP 0 366 876 A1 


U) CO 
CO CO 

3 3 



O 


bO 
•H 


CO 


- o 


BNSOOCID: <EP 03668 76 A 1 I > 


EP 0 366 876 A1 



BNSDOCID: <EP_0366876A1 _l_> 


EP 0 366 876 A1 


Fig. 16 



BNSDOCID: <EP 0366876 A1 I > 


EP 0 366 876 A1 


Fig.. 17 


(%) 

100 r- 


- \ 


Removal T 
Rate \ 
5D 


0 


-~~m j— 


0 200 400 600 800 f.000 

Exhaust Gas Flow Rate (i/min) 


(% ) 

100-r 


Removal 
Rate 


50 


0 


0 


Fig. 18 


200 400 600 800 1.000 

Exhaust Gas Flow Rate (f/min) 


BNSDOCID: <EP_0366876A1_I_> 


EP 0 366 876 A1 


to 


ON 


•ri 



BNSDOCID: <EP_0366876A1 J_> 



EP 0 366 876 A1 


Fig. 21 



BNSDOCIO: <EP_0366876A1_I_> 


EP 0 366 876 A1 



EP 0 366 876 A1 



EP 0 366 876 A1 


/o 

1 00 


Removal 
Rate 


50 


0 


Fig. 2k 


— L 1 1 1 1 tt (t 

0 5,000 

Exhaust Gas Flor Rate (-^/rnin) 


10.000 


(%) 

!00r 


Removal 
Rate 50 


- I 
_ I 
_ I 
_ I 


Fig. 25 


0 


-J 1 L 


-i 1 1 ' 


0 5,000 10,000 

Exhaust Gas Flow Rate (^/min) 


BNSDOCID: <EP 0366676A1 J_> 


EP 0 366 876 A1 



BNSDOCID: <EP. 


.0366876A1 _l_> 



EP 0 366 876 A1 


Fig. 27 

vi 



BNSDOCID: <£P 0366S76A1 _(_> 


EP 0 366 876 A1 



BNSDOCID: <EP 03668 76 A 1 _l_> 


EP 0 366 876 A1 


Fig. 29 



803 a 


BNSDOCID: <EP_0366876A1_I_> 


EP 0 366 876 A1 


I oo 


Removal 
Rate 


50 


0 


\ 

— t 


0 


Fig. 30 I 


J_ L 


-1 1 I t 


-J 1 


5.000 10.000 

Exhaust Gas Flow Rate (H/mln.) 


WOr 


Fig. 31 


£0/ 50 

Removal 
Rate 


- \ 

_ I 

_ I 

_ \ 


0 J- 1 1 « 1 L f i , 

0 5,000 10,000 

Exhaust Gas Flow Rate (i/min) 


0366876A1 I > 


EP 0 366 876 A1 



BNSDOCID: <EP_0366876A1J_> 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 


EP 89 11 3902 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION Out. CI. 5) 


A 
A 
A 


EP-A-0 158 823 (BROWN, BOVERI & CIE. ) 

* whole document * 

US-A-4 650 555 (S.J. RZAD et al.) 

* claims 1,7; figure 3 * 

PATENT ABSTRACTS OF JAPAN 
vol. 10, no. 49 (C-330)(2106), 26 
February 1986; & JP - A - 60 193522 
(UNITIKA K.K.) 02.10.1985 


1,4,5 


B 01 D 53/34 


TECHNICAL FIELDS 
SEARCHED (Int. CI.S) 


B 01 D 53/00 


The present search report has been drawn up for all claims 


Place of search 

BERLIN 


Date of completion of the search 

16-11-1989 


Examiner 

BERTRAM H E H 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : no n- written disclosure 
P : intermediate document 


T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 


BNSDOCID: <EP Q366676A1 


